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Abrasive in Gas/Vapour Entrainment 



The present invention relates to the entrainment of abrasive particle/gas/vapour mixtures into 
high velocity liquid jets and the condensation of the vapour to produce abrasive/gas/liquid 
cutting jets. Normally, but not exclusively, the liquid is water, the gas is air, the vapour is 
steam and the abrasive a powder such as garnet or aluminium oxide. 

More effective abrasive waterjet cutting heads are needed to meet market demands for faster 
cutting, greater cut surface area generation per kilogram of abrasive and smaller diameter 
cutting jets to enable finer detail to be reproduced. 

Abrasive in air entrainment is the established method of generating abrasive waterjets for 
precision machining. Water at ultra high pressures of 3000 to 4000bar is passed through a 
sharp edged orifice to generate a jet moving at over 700m/s. The water jet traverses a 
chamber to entrain air that conveys abrasive particles into the chamber. The waterjet along 
with the air and abrasive leave the chamber via a ceramic mixing nozzle that is aligned along 
the axis of the waterjet orifice. In the nozzle momentum is transferred from the water to the 
initially slow moving abrasive particles. Abrasive/water/air mixtures leave nozzles as focused 
cutting jets and impact on work pieces to produce cuts, 

Cutting heads operate at sub-atmospheric pressures resulting in air densities being over 5000 
times less than that of the abrasive particles. Air is readily accelerated by water jets to enter 
nozzles at sonic velocities but air drag on abrasive particles is ineffectual in accelerating and 
in aligning particles to waterjets. The result is poor energy transfer from waterjets to abrasive 
particles and high rates of nozzle wear. 

The method of generating abrasive waterjets described in this application involves conveying 
abrasive particles to cutting heads using mixtures of air and steam. The steam is subsequently 
condensed to one thousandth or so of its volume. As the steam condenses it drags particles 
into waterjets. The condensed water typically amounts to less than l%wt of the waterjet mass 
flow so its acceleration by waterjets does not greatly reduce the energy available for 
accelerating abrasive particles. 

Steam condensation is a powerful mechanism for generating flows to carry abrasive particles 
to cutting heads. Small diameter waterjets that would not entrain sufficient air to convey 
abrasive particles can condense sufficient steam to convey abrasive. Cutting heads that utilise 
abrasive in steam entrainment can operate with nozzle diameters below 200|xm, compared to 
over 300|nn for abrasive in air entrainment 

According to the first aspect of the present invention there is provided a method of 
entrainment of abrasive particles into high velocity liquid jets to give abrasive cutting jets, the 
method comprises the step of providing pressurised liquid to a restriction to form a high 
velocity liquid jet, a metered supply of abrasive particles in a gas, a source of vapour that is 
condensed- by the liquid jet and conduit means through which gas/vapour flow carries said 
abrasive particles to be entrained into the said liquid jet 



The liquid is preferably water 
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The vapour is preferably dry steam 
The gas is preferably air 

The abrasive is preferably garnet, olivine or aluminium oxide 

The abrasive may be heated to above the condensation temperature of the steam 

According to a second aspect of the present invention, there is provided apparatus to generate 
an abrasive cutting-jet, the apparatus comprising a pressurised water supply and a orifice to 
form a waterjet, an abrasive particle entry chamber and a nozzle in winch a suspension ot 
abrasive particles in air/steam is entrained and the steam condensed and momentum 
exchanged between the high velocity waterjet and abrasive particles. 

The waterjet orifice may form part of the load bearing structure of a cutting head. 

Preferably the ratio of nozzle to waterjet orifice diameters are between 1.5 and 2.5 

The nozzle may comprise a transition zone of diameter progressively decreasing from an 
abrasive entry chamber to a near parallel bore. 

Nozzles may consist of two or more sections with transitions between sections to smaller 
bores in second and subsequent sections. 

The abrasive mixture entry chamber may be lined or constructed from low thermal 
conductivity material. 

According to a third aspect of the present invention, there is provided a means of generating 
and feeding steam to the said apparatus. 

Preferably the steam is generated using electric heating. 

Preferably the electric heating is by positive temperature coefficient heaters 

According to a forth aspect of the present invention, there is provided a means of metering 
abrasive to the said apparatus. 

According to the fifth aspect of the present invention, there is provided a means of directing 
the abrasive/water/air flow from said nozzle of zzzd apparatus onto work pieces. 

The design of abrasive in air/steam cutting heads and their abrasive feed systems are 
described with reference to: 

Figure 1 shows an abrasive in air/steam cutting head 

Figure 2 shows a flow circuit for feeding abrasive to abrasive in air/steam cutting 
heads 

Referring to Figure 1, pressurised water enters a cutting head 7 through conduit 1. The water 
passes through orifice 6 to form a jet that traverses mixing chamber 8 and into the nozzle 4. 
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Air/steam carrying abrasive particles enters the cutting head 7 through conduit 2 to chamber 
8, which connects to a transition region 5 to the bore 9 of nozzle 4. Entrainment and axial 
acceleration of the abrasive particles and condensation of steam takes place in chamber 8 and 
transition 5 with the most of the momentum exchange between water and abrasive occurring 
in the nozzle bore 9. Abrasive/water/air mixtures leave the bore 9 of nozzle 4 as a cutting jet 
3. Typically the ratios of diameters of nozzles 9 to orifice 6 are 1 .5 to 2.5. 

The mixing tube. 4 may be manufactured from polycrystalline diamond or other form of 
diamond 

Connection 2 and chamber 8 may be lined with or constructed from low thermal conductivity, 
abrasive resistance materials. 

It is desirable for the outlet from orifice 6 to be within a few water jet diameters of the inlet 
to the transition region 5 of nozzle 4 and this may require orifice 6 to form part of the 
structure resisting fluid pressure loads. These loads may exceed 400N per square millimetre. 
Sharp edged orifices are essential for the satisfactory operation of abrasive in air cutting 
heads but they are easily damaged by contaminants in the water flow and they have limited 
lives. It is therefore advantageous not to use a sharp edged orifice for nozzle 6 and this is 
practical because of the short distance between orifice 6 and nozzle transition region 5. A 
shaped bore for orifice 6 is preferably machined in a diamond blank that is attached to and 
forms part of the pressure retaining structure of cutting head 7. 

. If 

Figure 2 shows a flow circuit for feeding abrasive to cutting heads such as shown in Figure 1 . 
Abrasive particles with air flow out of vessel 21 flow via conduit 22, metering device 23 and 
conduit 24 to junction 25 where the particles and air are mixed with steam flow from steam 
generator 27 flowing along conduit 26 to junction 25. From junction 25 the abrasive is 
carried through conduit 2 by steam/air flow and into cutting head 7. Abrasive in vessel 21 
may be heated to prevent condensation on the particles whilst flowing to cutting head 7 and 
the abrasive particles in vessel 21 may be blanked in steam to prevent air reaching the cutting 
head 7. 

* Provision may be made for trace heating of all components and conduits in the feed circuit of 
Figure 2 and for pre warming of the circuit and flow surfaces in cutting head 7 before 
abrasive flow is commenced to cutting head 7. 

Junction 25 may take the form of an educator with an inlet nozzle size that enables pressures 
in the steam generator 27 and passage 26 to be maintained above atmospheric pressure and/or 
provide the driving mechanism to induce abrasive .flow through metering device 23. The 
viTXvju-ig i incijr puSS down through the «bic*3ivc feed vessel to assist in metering abrasive 
out of the vessel. 

Steam generator 27 is preferably electric powered. A power input of less than lkW is 
sufficient to provide steam for abrasive flows up to 0.5kg per minute but higher power inputs 
may be used particularly for warming up the flow circuit prior to starting abrasive flow. The 
steam may be superheated in the steam generator or after the generator. 

Positive temperature coefficient heaters may be used to limit temperatures and pressures" 
Steam conditions may be restricted to 3 bar and 150 C temperature to allow engineering 
plastics to be used for tubes and components. 



1/1 




Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/GB04/004796 
International filing date: 15 November 2004 (15.11.2004) 



Document type: Certified copy of priority document 

Document details: Country/Office: GB 

Number: 0402214.1 

Filing date: 31 January 2004 (31.01.2004) 



Date of receipt at the International Bureau: 08 February 2005 (08.02.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

^^LACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^^LINES OR MARKS ON ORIGINAL DOCUMENT 

^^EFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



